Apart from their important role in sodium homeostasis, the kidneys have also to maintain potassium balance by adjusting its urinary excretion to variable alimentary intake.
and tubular secretion (Giebisch & Wang, 1996; Giebisch, 1998; Muto, 2001) . Traditionally, it has been believed that only K + secretion in the collecting duct is involved in the regulation of potassium excretion. Potassium reabsorption, occurring predominantly in more proximal nephron segments, was long considered as a passive process driven by sodium and water transport and not independently regulated. This point of view has been revised after the identification in renal tubules of H + ,K + -ATPase which suggested the existence of specific K + reabsorbing mechanisms (Doucet & Marsy, 1987; Garg & Narang, 1988) . H + ,K + -ATPase, located in the apical membranes of tubular cells, actively transports K + from the tubular lumen to the cell and protons in the opposite direction, and thus is involved in potassium reabsorption and urine acidification (Wingo & Smolka, 1995; Silver & Soleimani, 1999) . Renal H + ,K + -ATPase exists in at least three different isoforms: type I localized in intercalated cells of the collecting duct, type II expressed in proximal tubules and thick ascending limbs of Henle's loop, and type III, which is not expressed under physiological conditions but appears in principal cells of the collecting ducts in potassium-depleted animals. All these isoforms are inhibited by 2-methyl-8-(phenylmethoxy)imidazol(1,2-a) pyridine-3-acetonitrile (Sch 28080) (YounesIbrahim et al., 1995; Buffin-Meyer et al., 1997; Laroche-Joubert et al., 2000) . For over 40 years ouabain was considered to be a specific inhibitor of Na + ,K + -ATPase. However, recent studies indicate that ouabain can also inhibit the activity of type II and type III H + ,K + -ATPases (Younes-Ibrahim et al., 1995; Buffin-Meyer et al., 1997) . These findings raised the question of specificity of the currently used methods of Na + ,K + -ATPase determination. Most, if not all, of these methods, including that used by us in our previous studies (Be³towski et al., 1998a (Be³towski et al., , 1998b , define Na + ,K + -ATPase as ouabain-inhibitable activity. Ouabain sensitivity of some H + ,K + -ATPases suggests that "Na + ,K + -ATPase" measured in this manner may in fact contain, apart from true Na + ,K + -ATPase, also ouabainsensitive H + ,K + -ATPase activity.
The aim of the present study was to develop a method for H + ,K + -ATPase determination based on the protocol previously used by us to determine renal Na + ,K + -ATPase activity. We
have also studied what part of ouabain-sensitive "Na + ,K + -ATPase" measured by this method is in fact accounted for by ouabainsensitive H + ,K + -ATPase. Finally, to evaluate whether Na + ,K + -ATPase and H + ,K + -ATPase are independently regulated, we investigated the effect of leptin, previously shown to inhibit Na + ,K + -ATPase (Be³towski et al., 1999; Sweeney et al., 2000) , on both renal ouabainsensitive "X + ,K + -ATPases".
MATERIALS AND METHODS
Animals and tissue preparation. All studies were performed on adult male Wistar rats weighing 200-250 g. The animals were kept at 20 ± 2°C and had free access to food and tap water before the experiment. To maintain normokalemia, the chow contained 150 mmol/kg potassium. The study protocol was reviewed and approved by the Animal Care and Use Committee of the Medical University in Lublin.
The rats were anaesthetized with pentobarbital (50 mg/kg i.p.). Then, the abdominal cavity was opened and the aorta was cannulated distally to the renal arteries. The blood for the assay of electrolytes was collected into EDTA-containing tubes and centrifuged for 5 min at 3 000 r.p.m. at 4°C. Plasma was separated, frozen and stored at -25°C. Immediately after blood withdrawal, the abdominal aorta was ligated proximally to the renal arteries and 5 ml of physiological saline was infused slowly through a cannula to remove erythrocytes from the kidney. After this procedure the kidneys became pale and con-tained virtually no erythrocytes, as confirmed by light microscopy.
For the ATPase activity assay the microsomal fraction of the renal cortex and medulla was isolated by the method of Jörgensen (1974) with slight modification. The kidneys were removed and stored in ice-cold solution containing 0.25 M sucrose and 0.03 M histidine (pH 7.2). The medulla and cortex were separated by dissection and homogenized in sucrose-histidine solution (10 ml/g tissue) using a glass homogenizer. The homogenate was centrifuged at 8 000´g for 20 min at 4°C. The sediment was resuspended in 6 ml of sucrose-histidine solution and centrifuged again. The combined supernatants were centrifuged at 50 000´g for 30 min at 4°C. The pellet (microsomal fraction) was resuspended in 4 ml of sucrose-histidine solution and stored at -25°C. The enzyme assay was completed within 24 h. H + ,K + -ATPase assay. The sample was thawed and then diluted to yield 500 mg protein/ml solution. ATPase activity was assayed by measuring the amount of inorganic phosphate (P i ) liberated from ATP during incubation of the microsomal fraction in the presence of appropriate activators. H + ,K + -ATPase was measured as K + -stimulated ATP hydrolysis. The assay medium (1 ml) contained 5 mM KCl, 10 mM MgCl 2 , 1 mM EGTA, 5 mM Tris/ATP and 25 mM Tris/HCl (pH 7.4), as described by Buffin-Meyer et al. (1997 et al., 1999) . In these studies we assayed only ouabain-sensitive H + ,K + -ATPase and Na + ,K + -ATPase, the latter both in the presence and in the absence of Sch 28080.
Other assays. Protein concentration in the microsomal fraction was assayed by the method of Lowry et al. (1951) using bovine serum albumin as a standard. Plasma potassium concentration was measured by flame photometry. In addition to renal tissue, Na + ,K + -ATPase and ouabain-sensitive H + ,K + -ATPase activity was assayed in brain and heart obtained from 5 control animals. Reagents. ATP, ouabain, L-histidine, Tris, and EGTA were obtained from Sigma-Aldrich. Sch 28080 was kindly provided by Schering-Plough Research Institute (Kenilworth, NJ, U.S.A.). Sch 28080 was dissolved in methanol to form a 100 mM stock solution; 2 ml of this solution was added to 1 ml of the incubation mixture to yield a concentration of 200 mM. Ouabain was dissolved in ethanol and then diluted with water. The final concentrations of methanol and ethanol in the incubation mixture were 0.2% and 1%, respectively. At these concentrations the solvents alone had no effect on renal ATPases, as observed in preliminary experiments. Recombinant human leptin was obtained from R&D Systems Ltd. (U.K.). As recommended by the manufacturer, leptin was first dissolved in 1 ml of deionized water and then diluted with phosphate buffered saline (pH 7.2) to a final concentration of 0.4 mg/ml, then frozen and stored at -25°C. Other reagents were of the highest research grade available.
Kinetic calculations. The relationship between potassium concentration and H + ,K + -ATPase activity was fitted to the following equation: 
where V is the H + ,K + -ATPase activity measured at a given concentration of inhibitor [I] , V max is the maximal activity and K i is the inhibition constant. The kinetic parameters were calculated by nonlinear least squares regression separately for each animal.
To study the reproducibility of the H + ,K + -ATPase assay, samples from 5 different animals were studied in 5 replicates simultaneously to calculate the intra-assay coefficient of variation (CV), as well as on 5 different days to calculate the inter-assay CV. The recovery of inorganic phosphate was studied by adding known amounts (64, 320 or 640 nmol, each in triplicate) of KH 2 PO 4 to the incubation mixture during the enzyme assay. The sensitivity of the assay was determined as 2 standard deviations of 10 independently performed blank samples. Statistics. Data are presented as mean ± S.E.M. from 8 experiments in each group. Statistical significance was evaluated by singlemeasures or repeated-measures analysis of variance (ANOVA) followed by Duncan's multiple range test for comparisons of different means; P < 0.05 was considered significant. Enzyme activity is expressed in mmol of inorganic phosphate liberated by 1 mg of microsomal protein during 1 h (mmol P i /h per mg protein); n = 8 rats in each group. *P < 0.05, ***P < 0.001, compared to control (basal activity measured in the absence of K + but in the presence of Sch 28080) by repeated-measures ANOVA.
RESULTS
ATPase activity (mmol/h per mg protein) The reproducibility of H + ,K + -ATPase assay was good for the ouabain-sensitive enzyme and poor for the ouabain-resistant fraction (Table 1 ). The recovery of inorganic phosphate was good for two lower doses (Table 1) and distinctly lower only for its highest dose. It should be noted, however, that the latter dose exceeded about tenfold the amount of P i generated by ouabain-sensitive K + -ATPase during the assay. Thus, the recovery was satisfactory within the range of phosphate liberated by ouabain-sensitive H + ,K + -ATPase. The Values have been calculated from the data presented in Fig. 1 As demonstrated on Fig. 3 , potassium activated ouabain-sensitive H + ,K + -ATPase in a concentration-dependent manner with K m of 0.26 ± 0.04 mM and 0.69 ± 0.11 mM in cortex and medulla, respectively. The enzyme was inhibited by ouabain with K i of 2.9 ± 0.3 mM in the renal cortex and 1.9 ± 0.4 mM in the renal medulla (Fig. 4) . The estimated K i for Sch 28080 was 1.8 ± 0.5 mM and 2.5 ± 0.9 mM for cortex and medulla, respectively (Fig. 5 ).
Vol. 49 Determination of renal H + ,K + -ATPase activity 521 On the vertical axis is indicated the difference between the activity assayed in the absence and in the presence of 1 mM ouabain. Potassium was added to both samples at the indicated concentrations. Points represent mean ± S.E.M. from 8 experiments and curves are the best fits of means to Eqn. 1 (see Methods). ATPase in the absence as well as in the presence of 0.2 mM Sch 28080. At this concentration Sch 28080 has no effect on renal Na + ,K + -ATPase activity (Codina et al., 2000) . The enzyme activity assayed in the presence of Sch 28080 was by 12.6% (P < 0.01) and 12.0% (P < 0.01) lower in the renal cortex and medulla, respectively, than measured without this inhibitor (Fig. 6) The data are differences between samples assayed in the absence and in the presence of 2 mM ouabain. **P < 0.01 (compared to the activity assayed without Sch 28080 by paired Student's t-test). subunit, which dominates in the kidney, is at least by one order of magnitude less sensitive to ouabain than a subunits of other X + ,K + -ATPases. Figure 7 (left) shows medullary Na + ,K + -ATPase activity at different ouabain concentrations and two curves: one fitted according to standard one-site model, assuming a homogeneous population of enzyme molecules (see Eqn. 2 in Materials and Methods) and another fitted by two-site model (Shyjan et al., 1990 V max and K i values. The parameters for Na + ,K + -ATPase were allowed to vary whereas those for H + ,K + -ATPase were taken from previous calculations (Fig. 4) . In the absence of Sch 28080 the data were better fitted by the two-site (r 2 = 0.975) than by the one-site (r 2 = 0.941) model, whereas in the presence of Sch 28080 (right part of Fig. 7 et al., 1999) . In that study Sch 28080 was not added, thus, in view of the data presented here, the assay was not strictly specific for Na + ,K + -ATPase. Therefore, we examined the effect of leptin on Na + ,K + -ATPase measured in the presence of Sch 28080, as well as on ouabain-sensitive H + ,K + -ATPase.
Ouabain
Leptin (1 mg/kg i.p.) decreased Na + ,K + -ATPase activity in the renal medulla at 1 h after hormone administration from 19.9 ± 0.7 to 13.1 ± 1.0 mmol/h per mg protein (P < 0.001) in the absence of Sch 28080, and from 17.6 ± 0.7 to 11.9 ± 0.9 mmol/h per mg protein (P < 0.001) in its presence. In contrast, leptin had no effect on Na + ,K + -ATPase in the renal cortex. Ouabain-sensitive H + ,K + -ATPase activity was unchanged following leptin administration either in the cortex or in the medulla. Most studies concerning renal ATPases are now performed on isolated tubular segments or intact cultured tubular cells. These methods have, however, some limitations and therefore methods measuring enzyme activity in broken cell preparations, like the method described in the present study, are also popular (Chiou & Vesely, 1995; Khundimiri & Lederer, 2002) . First, isolation of tubules is time-consuming, consequently, if one wants to investigate the effect of mediators (which is usually short lasting), it is not possible to administer them in vivo, before tubule isolation. In such studies, the examined mediators are rather applied in vitro, during or just before the ATPase assay, after the tubules have been isolated from their natural environment, such as osmolality and oxygen tension changing along the nephron. Such conditions can affect signal transduction mechanisms involved in the regulation of ATPases (Kiroytcheva et al., 1999) . The method described here allows to study the effect of hormones administered in vivo before the isolation of microsomal fraction (Be³towski et al., 1998a; 1998b whole cells by decreasing intracellular ATP concentration, in contrast, Sch 28080 has no effect on Na + ,K + -ATPase in broken cell preparations (Codina et al., 2000) . Certainly, there are also potential disadvantages of the method described here. First, both renal cortex and medulla are heterogeneous, therefore it is not possible to conclude in which nephron segment the observed effect really occur. It seems that this is a lesser problem for ouabain-sensitive H + ,K + -ATPase than for Na + ,K + -ATPase, since the former is distributed in a more restricted manner. The situation will become more complex in pathological conditions, such as potassium depletion (Buffin-Meyer et al., 1997) or sodium depletion (Sangan et al., 1997; Silver et al., 1998) , when type III H + ,K + -ATPase appears in the collecting duct. This isoform is also ouabainsensitive, however, it is likely that it will be possible to distinguish it from type II by its sodium sensitivity. This study also demonstrates that about 12% of "Na + ,K + -ATPase" assayed as ouabain-sensitive ATP hydrolyzing activity in the presence 
